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T
wo of the most rigorously and extensively studied

learning principles in cognitive psychology are the

effects of spacing and testing.1–3 The spacing effect

refers to the principle that when studying or testing is

distributed over time, information is more likely to be

retained than if studying or testing is massed over a short

period of time.3 Studies have also shown that when

information is recalled from memory during testing,

retention is better than if the material is simply studied (ie,

the testing effect). The effort required to retrieve informa-

tion from memory is thought to make the memory trace

more enduring (for this reason the term retrieval practice is

sometimes used to describe the testing effect).1 Multiple

laboratory studies as well as studies in educational settings

have shown that spacing and testing can be used in

combination to increase long-term retention.4–6 These tools

have been shown to be effective for a wide range of

learners: older adults,7 middle school students,8 medical

students,9 and residents.6 In addition, spacing and testing

have been shown to be effective whether the same questions

are used as a final assessment or novel tests are used.6,9,10 In

short, the effects of spacing and testing are quite robust

because they apply to many types of learners under many

different situations.

Despite the consistent benefits demonstrated in most

studies, the application of these principles can be nuanced.

Finding the optimal spacing interval can present challenges.

If tests are too widely spaced, then considerable forgetting

occurs and students must subsequently relearn the material.

If tests are not spaced enough, then testing will not require

sufficient mental effort to produce the desired effects on

memory. For instance, flash cards used back-to-back may

lead to short-term improvements in retention after a week

but have no effect when retention is measured 6 months

later.11 Because the flash cards are used in relatively close

succession, there is little spacing between retrieval at-

tempts. Studies using tests spaced by 1 or more weeks have

shown improved retention over 6 months or more.6,9,10

Typically, to achieve retention over months or years,

testing must be spaced by weeks or even months.5

However, as previously mentioned, educators may need to

start with more frequently spaced tests to ensure initial

learning, and then expand to more widely spaced tests to

solidify retention.

The other question that educators must consider is how

many repetitions are necessary to retain information over

the long term. Studies that have directly manipulated the

number of testing repetitions have found that long-term

retention substantially increased the more often items were

retrieved from memory.4 As educators consider using

spaced testing, they may find that more difficult materials

require more repetition. Thus, to use testing as an effective

learning tool, educators must identify the number of testing

repetitions that are appropriate for their materials and

practical for their circumstances.

Close examination of the data from several studies

demonstrates that not all topics benefit equally from

spaced testing in the research setting. In some studies of

spaced testing in which multiple topics were used, an

interaction between topics and interventions was found.9,10

Despite the fact that learning improved for most topics

when spaced testing was used, at least 1 topic in each of

these studies showed equivalent performance between

groups that had spaced testing and control groups that

repeatedly studied the material. No groups performed

worse with testing than studying. The likely reason for this

variation in effects is due to the nature of the materials for

each topic. Unlike laboratory studies, which use tightly

controlled materials, such as word lists or brief passages of

text, the studies referenced here used actual materials from

medical education. Inherently there was more variability

in the nature of the materials. Some topics required lists of

medications and others required extensive knowledge of

physical examination techniques. Research studies—

whether in the laboratory or with actual educational

materials—by necessity use the same protocol for each

topic and condition. However, in real life, topics cover a

wide range of difficulty. Difficult topics may require

different strategies, such as more frequent testing or

different schedules in spacing. Educators must adapt and

modify research findings to fit their own needs and

content.

This brings us to the study by Mathes et al12 in this issue

of the Journal of Graduate Medical Education. The authors

found that spaced testing with multiple-choice questions

led to different effects between 2 courses covering different
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topics in pediatric dermatology. In 1 course, spaced testing

seemed to result in improved knowledge, with a 15%

higher score in the intervention group producing a

moderate effect size (d 5 0.45) and very nearly reaching

statistical significance (P 5 .06). These results suggest that

the spaced testing most likely had an impact, but that the

study was not sufficiently powered to reach statistical

significance. This inference is strengthened by the fact that

the study included an inadequate number of participants to

meet the numbers derived by the authors’ a priori power

calculation. Similar results in other studies have provided

evidence of the long-term effects of testing.13 In the authors’

second course, they found that those who had received the

course scored worse than those who had no exposure to the

information; this difference was also not statistically

significant. This divergence in results is consistent with a

topic effect in the second course, where the materials and

learning strategy may not have been the right fit to produce

a gain in knowledge. As with the studies mentioned above,

the course material may have required more repetitions or

an alternative spacing of tests in order to produce the long-

term effect in learning that the course designers intended.

The study by Mathes et al12 demonstrates that one size

does not fit all topics in applying spaced testing. These

results and others raise a couple of important questions for

educators: (1) When and how should spaced testing be used

in educational programs? and (2) If spaced testing does not

produce a substantial difference in all instances, should it

be used at all? First, educators must ensure that they are

using spaced testing optimally based on the existing

evidence. This evidence suggests that for tests to be used as

learning tools they must be aligned with educational

objectives, allow for adequate repetition, when possible use

questions that require leaners to generate answers rather

than recognize information, provide feedback, and ensure

appropriate spacing.14 When spaced testing is optimized,

the empirical evidence suggests that spaced testing leads to

at least equivalent performance and in most cases superior

performance compared with other learning interventions.

Educators may have to try various regimens of spaced

testing to find the best fit for their materials. They may even

find that some materials are best learned through entirely

different means. At the end of the day, spaced testing does

not replace good educational planning and instructional

design. Educators must still ensure that they are choosing

the right ‘‘medicine’’ and the right ‘‘dose’’ to achieve their

objectives.
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